Three benzil based, macrocyclic oxygen-, nitrogen-, and sulfur-containing ligands, (3,4,10,11 -tetraphenyl-1,2,5,6,8,9,12,13-octaazacyclotetradeca-7,14-dithione-2,4,9,11 -tetraene) ethanol (L 1), 10,1 l-diethoxy-3,4,10,11-tetraphenyl-1,2,5,6,8,9,12,13-octaazacyclotetradeca-7.14-dithione-2,4-diene (L2), (3,4,10,11 -tetraphenyl-1,2,5,6,8,9,12,13-octaazacyclotetradeca-7.14-dione-2,4,9,l 1-tetraene) ethanol ( 
Introduction
Thiosem icarbazone and semicarbazone have been studied intensively due to their wide range of potential biological uses. Their metal complexes, especially those containing copper(II) and iron(II), are more active than the uncoordinated thiosemi carbazone molecules [1] [2] [3] [4] .
Schiff-base condensation and related processes have been frequently controlled by metal ion tem plates. In many cases it is difficult to design con trol experiments and test to distinguish different roles o f the metal ions [5] [6] [7] ,
In the present paper we describe reactions of thiocarbohydrazide and semicarbazide with ben zil, which give new macrocycle ligands L 1, L2 and L3, a cyclic ligand L5 and an open chain ligand L6. Benzilbisthiosemicarbazone L4 was prepared as previously described in the literature [8, 9] , All the ligands were synthesized without ion template ef fect. As reported, the activity of those free ligands is due to their complexation with copper ions [10] . Also their copper complexes cause considerable oxidative stress by cytotoxicity [11] . Therefore, the coordination chemistry of these new ligands with copper(II) salts were studied.
All com pounds isolated were characterized by elemental analyses, IR, 'H N M R , 13C N M R, U V -V and mass spectroscopic studies.
The crystal and the molecular structure o f L5 has been determined by X-ray crystallography.
Experimental
Semicarbazide hydrochloride, thiosemicarbazide, carbohydrazide, thiocarbohydrazide, benzil, copper(II) chloride dihydrate, copper(II) nitrate pentahydrate and copper acetate were commercial products of highest chemical grade. Solvents were purified according to standard procedures.
IR spectra in the 4000-200 cm -1 range were re corded as KBr pellets on Bomen and Perkin Elmer 683 spectrophotom eters. UV/V spectra in dimethylformamide solution were run on a Pye-Unicam SP-8-100 spectrophotom eter. Conductivity data were measured using freshly prepared dimethylformamide solutions (ca. 10"? M) at 25 C with a M etrohm Herisau model E-518. 'H and 13C N M R spectra were recorded on a Bruker WH-200 spec trom eter system with TMS as the internal stand ard. Fast atom bom bardm ent mass spectra were recorded on a VG A uto Spec using Cs+ as fast atom and mNBA as the matrix.
Preparation o f the ligands
[3,4,10,11 -T etraphenyl-1,2,5,6,8,9,12,13-octaazacyclotetradeca-7,14-dithione-2,4,9,11 -tetraene] ethanol; L 1.
EtOH -H2Q, HCI
6 h, reflux, -4H2O
To a boiling ethanol-water (20:5 v/v) solution of thiocarbohydrazide (30 mmol) was added an ethanolic solution (30 ml) of benzil (30 mmol) with 1 ml of conc. HCI. The solution was refluxed for 6 h and allowed to stand for 24 h. A dark yellow solid was collected by filtration, m.p. 212 °C. The com pound was slightly soluble in ethanol and CHCI3. 
C32H30N 8O S2
On cooling for six m onths of the remaining solu tion of the L 1 preparation a pale yellow crystalline product was obtained, m.p. 150 °C. The com pound is soluble in CHC13 and alcohol. This com pound was also obtained by the fol lowing procedure [9] : The thiosemicarbazide (40 mmol) was dissolved in 40 ml of methanol, 40 ml of 2N HC1 and 1 ml of conc. HC1, and then added to a suspension o f benzil (20 mmol) in 50 ml of m ethanol and some drops of conc. HC1. The mix ture was stirred for 6 h at room temperature, the yellow solid filtered off, washed with methanol and dried in vacuo. The analytical data agree with the proposed formula.
C34H jöNgO 2* 2
6-Ethoxy-1,6-diphenyl-4-oxo-3,4,5,6-tetrahydro-2,3,5-triazine; L5. 
Benzilsemicarbazone, (L6).

MeOH, HCI 2NH2NHCONH2 + C6H5COCOC6H5 --------------------6 h, RT, -H2(
L6
This com pound was obtained under the same conditions described for L4 in the second proce dure. The yellowish-white solid was collected by filtration, washed with methanol and dried in vacuo (60%), m.p. 160 °C. The com pound is slightly soluble in ethanol and chloroform. 
Preparation o f the complexes
[3,4,10,11 -Tetraphenyl-1,2,5,8,9,12,13-octaazacyclo-tetradeca-7,14-dithione-2,4,9,11
To a boiling ethanol suspension o f L 1 (2 mmol) was added an ethanolic solution o f copper(II) chloride dihydrate (2 mmol). After three hours a brown powder was isolated from the yellow-green solution, m.p. 228 °C. [3,4,10,11-Tetraphenyl-1,2,5,6,8,9,12,13-pentaazacyclotetradeca-7,14-dione-2,4,9,11 -tetraenide]-copper(II) ethanol (10) 
C34H 32N8C
[(L3)2-(C u2+)](EtOH).
A similar procedure to the one described for 7 was used with L3. A brown pale powdery precipi tate was isolated, m.p. 230 °C. [3,4,10,11 -Tetraphenyl-1,2,5,6,8,9,12,13-octaazacyclotetradeca-7,14-dione-2,4,9,11 -tetraenide]-copper(II)-nitrateethanol (11) [(L3)1_(Cu2+)](N 0 3)(E t0H ).
A similar procedure to the one described for 9 was used with L3. A brown solid was isolated, m.p. 220 °C. The reddish-brown nitrate complex was ob tained by an analogous way described for the chloride derivative, m.p. 250 °C. 
X-ray structure determination
A summary of the crystal structure data is given in Table I . A prismatic colourless crystal was m ounted on a four-circle diffractometer. Exact cell dimensions were refined by least-squares m ethods on the Bragg angles of 25 carefully centered reflec tions.
The intensities were corrected for Lorentz and polarizations effects. Scattering factors for neutral atoms were taken from the International Tables for X-Ray Crystallography [12] . The structure was solved by direct methods [13] and Fourier synthe ses.
The final refinement was made with anisotropic thermal parameters for the non-hydrogen atom s and fixed isotropic thermal parameters and coor dinates for the H atoms.
Most of the calculations were carried out with the X-Ray 80 systems [14] . Table II of the azomethine linkages formed in a previous step, with a simultaneous elimination o f a water molecule.
The 'H and 13C N M R data of the ligands ob tained in CDCI3 and/or (CD 3)2SO solution are giv en in Table IV and V. The 'H N M R spectra of L5 and L2 show charac teristic signals of methyl and methylene groups o f the ethanol molecule inserted, and a total absence o f N H 2 signals.
The presence of the characteristic signal of OH group in the spectra of L 1 and L3 confirms the ex istence of EtOH molecules of crystallization.
F or the thio compounds, the data support the presence of thione tautom ers in solution, with chemical shifts consistent with an imido (NH ) (ca. 8 -1 1 ppm) rather than a thiol ( 3 -4 ppm) group [16] .
The 13C N M R spectra of the ligands exhibit sig nals at ca. 140 ppm assignable to imino carbon a t oms indicating condensation; only the L6 spectrum shows a peak assignable to a carbonyl group o f the benzil moeity. The spectra of L2 and L5 show chemical shifts in the range 86-88 ppm, consistent with saturation o f the imino groups as resulting from EtOH insertion.
In the mass spectra of L4 and L6 the highest mass peak at m/z = 357 (46%) and m/z = 268 (97%), respectively, confirm the molecular weights. D aughter ions o f these species correspond to the fragment ion m/z = 105 (57% ) C6H 5-C Oof L6 spectrum.
The mass spectrum o f complex 13 shows a p ar ent peak at m/z = 418 (72%) supporting the for mula proposed [17] .
The stoichiometries of the complexes appear to indicate that copper is coordinated by the neutral ligands in 8, 14 and 16, and by the anions formed by loss o f protons of the ligand in 7, 9, 10, 11, 12, 13 and 15.
All copper complexes are stable to air and mois ture. The macrocyclic complexes 7, 8, 10 and 12, the open chain complexes 13, 14 and 15, and the L5 complex, 16, are non-electrolytes, but 9 and 11 are 1:1 electrolytes owing to partial liberation of h n o 3.
The IR spectral data are summarized in Table VI . The ligand bands are consistent with the functional groups present in the molecules [16] ,
In the IR spectra of L2 and L4 complexes (8, 13, 
